Cholinergic regulation of single-vessel hydraulic conductivity (Lp) during normoxia and hypoxia was tested in single mesenteric vessels of pithed frogs (Rana pipiens). Capillaries were cannulated in situ and perfused with frog Ringer's solution containing 10 mg/ml albumin and human erythrocytes while the mesentery was continuously superfused with frog Ringer's solution (150 C 
These data are consistent with the hypothesis that nerves and/or other extravascular cells can act as extrinsic modulators of microvascular permeability.
Materials and Methods
Lp of single perfused microvessels was obtained in situ from the mesentery of North American leopard frogs (Rana pipiens). The animals (male, 2-3 years of age, 5-7.5 cm body length) were supplied weekly (J.M. Hazen, Alburg, Vermont) and were housed in a cold room (150 C) in 75x50x30-cm3 tanks providing both deep water and accessible dry areas.
Preparation
Each frog was anesthetized by cerebral pith. Cotton was placed within the brain cavity to ensure separation of the brain stem and the intact spinal cord. Animals were rinsed with tap water, dried, and secured in dorsal recumbency on a cork-lined tray. The abdominal viscera were exposed through a right lateral incision and kept moist with frog Ringer's solution. The ileal mesentery was gently positioned over a polished quartz pillar (Haerus-Amersil, Sayerville, New Jersey) and tacked to a silicone ring with small insect pins. The surface of the exposed tissue was continuously superfused with frog Ringer's solution at a rate of 5 ml/min. Temperature was maintained at 12°-15°C at the tissue surface.
Microscopy
The mesentery was transilluminated and viewed with an inverted light microscope at x6 (Diavert, Leitz, Rockleigh, New Jersey). At a total magnification of x 75, a tissue area of 2 mm2 was viewed. A video image of the experimental vessel and about 300 mm2 of surrounding tissue was recorded on videocassette tape by a black and white video camera (model 650, Dage-MTI, Michigan City, Indiana).
Solutions
The superfusate fluid was a buffered frog Ringer's solution of the following composition (mM): NaCl 111, KCl 2.4, MgSO4 1.0, CaCl2 1.1, glucose 5.0, NaHCO3 2.0, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES), and Na-HEPES 5.0 (230 mosm, pH 7.4 at 15°C). The superfusate fluid was bubbled with air and dispensed from glass aspirator bottles via glass and Tygon gas-impermeable tubing. A glass heat-exchange coil placed within the superfusate line was used to cool the superfusate.
The perfusate was a solution of 10 mg/ml dialyzed bovine serum albumin (BSA, crystallized and lyophilized; A-8763, A-4378, Sigma Chemical, St. Louis, Missouri) in frog Ringer's solution. The BSA was extensively dialyzed against frog Ringer's solution to reduce low molecular weight contaminants as previously described. 10 The perfusate solution also contained a 5% (vol/vol) suspension of human erythro- Figure   3 ). In three of these vessels, atropine was added to the perfusate during ACh perfusion (Figure 4) . By 25 minutes after application of atropine, Lp was significantly lower than the level reached during ACh alone (Lp/Lp°=1.8+0.4, n=3). Figure 5 illustrates the response of six vessels exposed to atropine alone. Lp during atropine is plotted as a function of control Lp Response to Hypoxia in the Presence ofAtropine In contrast with our previous studies demonstrating a 2.4-fold elevation in water conductivity,10 superfusate hypoxia in the presence of atropine had no demonstrable effect on Lp (n=8, Table 2 ). However, 20 V. In summary, the results of the present study support the existence of a permeability-regulating mechanism sensitive to tissue oxygen tension. We have shown that mesenteric exchange microvessels respond to cholinergic stimuli and that superfusate hyoxia stimulates a cholinergic-mediated increase in capillary water conductivity. Speculations were made concerning possible mechanisms including the potential role of tissue-located nerves in mediating the response to superfusate hypoxia. In addition to vasodilation, changes in capillary permeability may be an important compensatory mechanism during low oxygen states. Potentiation of transvascular water movement increases convective transport of molecules and dilutes solutes (e.g., metabolites and vasoactive compounds) in the interstitial space. These events may function as compensatory mechanisms during ischemia by forming an "alternative circulation" for nutrient delivery and metabolite clearance.
